Abstract Osteoarthritis of the hip is associated with pain, stiffness and limitations to activities of daily living. The aims of this quality improvement project were to introduce a service developed to promote the self-management of hip osteoarthritis through exercise and education and to assess the impact of the programme on pain, function and quality of life. The service was a six-week cycling and education programme and 119 participants took part. Statistically significant improvements were found for Oxford Hip Scores (Mean (SD) change 4.14, 95%, CI 3.02, 5.25, p < 0.001); Sit-to-stand scores (mean change 3.06, 95%, CI 2.33, 3.79, p < 0.001); EQ5D-5L Utility (mean change 0.06, 95%, CI 0.03, 0.09, p < 0.001); EQ5D VAS (mean change 7.05, 95%, CI 4.72, 9.39, p < 0.001); pain on weight-bearing (WB) (mean change 1.56, 95%, CI 0.77, 2.36, p < 0.001), HOOS function (median change (IQR) 7.35, 1.84 to 19.12, p < 0.001) and TUG test (median change 1.11, 0.31 to 2.43, p < 0.001). Participants reported improvements in pain and function; increased confidence in managing hip pain and an increase in motivation to exercise. These findings were supported by a patient and public involvement forum who suggested extending the programme to eight weeks. These results suggest that the service has potential in the management of hip osteoarthritis.
Introduction
In the UK a third of people aged over 45 years have sought treatment for osteoarthritis and projections indicate that by 2035 this proportion could nearly double as a result of increasing levels of obesity and an ageing population (Arthritis Research UK, 2013) . Osteoarthritis is a chronic degenerative joint disorder usually associated with ageing and it is estimated that a quarter of people affected by osteoarthritis have osteoarthritis of the hip (2.12 million people, 8% of the UK population). Hip osteoarthritis is associated with hip pain, stiffness and limitations to activities of daily living and is the most common reason for a total hip replacement.
Hip replacement is a very successful operation (Learmonth et al., 2007) . In 2014 there were 83,125 primary hip replacements in England, Wales and Northern Ireland. Since April 2003 ninety-three percent of hip replacement patients had a diagnosis of osteoarthritis (National Joint Registry, 2015a) .
There is no known cure for osteoarthritis so nonsurgical management for people with symptoms not yet severe enough for surgery mainly focuses on alleviating pain and maximising function by addressing aspects which can be modified. The National Institute for Health and Care Excellence (NICE) guidelines (2014) state that three core treatments should be the first line management for patients with osteoarthritis. These are; education and advice, exercise (aerobic and local muscle strengthening) and weight loss where appropriate. However there is no specific guidance on type of exercise, dose or intensity. It is also important to note that, other than exercise, a recent review by Bennell et al. (2015) confirms that the efficacy and role of other physical therapy interventions in the treatment of osteoarthritis is limited.
To date, studies have used exercises of low to moderate intensity with low to moderate success, but as yet there is little research on whether increasing the intensity of exercise in a safe way can increase the benefit of the exercise. It is important that appropriate models of prevention and treatment are developed to support and treat osteoarthritis sufferers.
The Cochrane Collaboration's 2014 review of studies of exercise for hip osteoarthritis found evidence supporting the use of exercise to reduce pain and improve physical function (Fransen et al., 2014) and these benefits continued for at least three to six months after the intervention. However, whilst physical exercise is the recommended treatment for osteoarthritis patients, the working mechanism behind the positive effects of physical exercise on pain and function remains a black box phenomenon (Runhaar et al., 2015) . In their recent review to identify potential working mechanisms behind the positive effects of exercise therapy on pain and function in osteoarthritis, Runhaar et al. (2015) found that an increase of upper leg strength, a decrease of extension impairments and an improvement in proprioception were all possible mediators in the positive association between exercise and osteoarthritis symptoms in the lower limb.
The possible mediators proposed by Runhaar et al. (2015) are all promoted by the activity of cycling and, given the biomechanics of cycling, are relevant to the hip joint. In a recent review evaluating the role of muscles in the affected leg in hip osteoarthritis, Louriero et al. (2013) highlight the need to address muscle weakness. Cycle training induces muscle hypertrophy, with increased strength gains seen more favourably in older adults (Ozaki et al., 2015) . In the power phase or 'downstroke' of cycling the hip, knee and ankle joints extend simultaneously for the pushing action (So et al., 2005) and, as a consequence, cycling is an excellent method of addressing and improving extension impairments in the hip, knee and ankle joints. In addition to the strengthening benefits of cycling, improvements to balance and proprioception have also been found (Rissel et al., 2013) .
Cycling may also be of benefit in comparison to other forms of exercise because it is a healthy form of physical activity (Bauman and Rissel, 2009 ) and a nonweight bearing activity that is considered less stressful on the body than impact or other running sports (Rissel et al., 2013) . Positive relationships between cycling and increased cardiorespiratory fitness, increased functional ability and disease risk factor profiles have also been found (Oja et al., 2011) . There is also evidence from longitudinal epidemiological studies that cycling can lead to significant risk reduction for all-cause and cancer mortality, cardiovascular disease, colon and breast cancer and obesity morbidity in the middleaged and elderly (Oja et al., 2011) .
Local problem
The study setting is a conurbation with a high percentage of people aged over 65 where 30% of the population in one district is over 65; double the national average of 16% (Office for National Statistics, 2013) . One local acute general hospital has a high volume hip and knee replacement unit, performing over 2000 joint replacements a year (National Joint Registry, 2015b) and a second acute general hospital in the area performed over 900 operations for hip fracture in 2014. The demographics indicate that effective non-surgical solutions need to be explored.
Effective models of care to deliver the nonsurgical interventions recommended by NICE (2014) are yet to be developed locally. Discussion with local primary care providers suggested that 'standard care' for patients reporting hip stiffness to their GP can be varied and inconsistent, ranging from general advice, advice on analgesia and/or physiotherapy and self -management. Discussions with local physiotherapists affirmed wide variations in practice.
The CHAIN (Cycling against Hip pAIN) programme was conceived by a consultant orthopaedic surgeon and a physiotherapist as a way of implementing the NICE guidance (2014). It was developed by gaining consensus through further discussion with local orthopaedic teams and physiotherapists and in partnership with the local general hospital, the county commissioning group, general practitioner localities, the county sports partnership, the borough council and the university. The aim of the programme was to reduce pain and encourage mobility through a six week programme of education and static cycling sessions and to equip participants with the confidence to self-manage their condition.
Delivery of the programme was modelled on the established cardiac rehabilitation model utilised at the Royal Bournemouth Hospital (Bournemouth Heart Club, 2012) whereby progressive and structured exercise is accompanied with education in order to provide participants with the confidence to exercise.
Health referral advisors led by an experienced exercise instructor were trained on how to complete assessments prior to and following the programme and on testing participants' fitness for the programme. A senior physiotherapist led the education sessions and a trained static cycling instructor led the static cycling sessions.
Purpose
This study evaluated data collected from 119 participants who enrolled on the CHAIN programme using a pre-post design. It investigated whether those who undertook the six-week education and cycling programme experienced improvement in their pain, function and quality of life measures, and reviewed the experiences of the patients on the programme.
Methods
The PDSA (Plan, Do, Study and Act) cycle (NHS Institute for Innovation and Improvement, 2008) was the model of continuous quality improvement used to guide the process. The model has four stages: firstly the objectives of the service are define along with questions to be answered and predictions. The service is then delivered and data collected. Next the data are analysed, compared to predictions and the learning outcomes reflected on. The next cycle is then planned and a decision made to either refine the change or implement it fully.
The NHS Health Research Authority decision tool (NHS Health Research Authority, http://www .ons.gov.uk/ons/rel/pop-estimate/population -estimates-for-uk--england-and-wales--scotland -and-northern-ireland/2013/stb---mid-2013-uk -population-estimates.html) and Research Department at The Royal Bournemouth Hospital confirmed that ethical approval was not required as this study was a service evaluation. In keeping with good practice, the principles outlined in the Declaration of Helsinki (World Medical Association, 2013) were followed and the SQUIRE guidelines (http://www.squire -statement.org/) for quality improvement reporting were used in this article to maximise the generalisability of findings.
Service delivery
The programme took place at two community-based leisure centres with good access to transport and parking. The centres were chosen over hospital settings because of the dedicated exercise facilities and equipment needed and in order to introduce and familiarise people who don't usually exercise at a specific exercise environment. The programme was targeted at 45-75 year olds and funding was provided by the local Clinical Commissioning Group.
Participants were recruited to the programme through referral from their General Practitioner (GP). Participants were excluded if they were unable to meet criteria set by GPs for exercise referral. These exclusion criteria were: unstable angina; poorly controlled heart failure; new or uncontrolled arrhythmias; resting or uncontrolled tachycardia (resting heart rates >100 bpm); resting systolic blood pressure > 180 and/or resting diastolic blood pressure > 100; symptomatic hypotension; unstable diabetes; febrile disease (temporary); high levels of frailty and/or significant functional limitations. Table 1 gives an overview of the programme. Participants had a one-to-one baseline assessment. The first five groups of participants (n = 58) were asked for details of their relevant past medical history and were timed for the Sit-to-Stand test (time taken to do 5 Sitto-Stands) (Rehab Measures Database). They were also asked to complete the following validated patient reported outcome measures: Oxford Hip Score (Dawson et al., 1996) , Harris Hip Score (Harris, 1969) , Nonarthritic Hip Score (Christensen et al., 2003) , EQ5D-5L Utility Score and EQ5D Visual Analogue Score (Euroqol Group, 2014) . Participants were also asked verbally for three personal goals they would like to achieve by the end of the programme.
Following an interim evaluation after 58 patients, the last five groups of participants (n = 61) were additionally asked to do a Timed Up and Go Test (time taken to rise from chair, walk 3 metres, turns, walk back to chair and sit down) (Podsiadlo and Richardson, 1991) , complete the Hip Disability Osteoarthritis Outcome (HOOS) function questionnaire (Klassbo et al., 2003) and assess pain at rest and on weightbearing on a visual analogue scale (VAS).
Participants were given hip stretching exercises to do daily at home and were asked to complete a diary for the six weeks detailing the number of times they cycled in the week and other exercise taken. They were encouraged to cycle at least twice per week.
The education and cycling element of the programme consisted of a 30 minute education session, followed by 30 minutes of static cycling carried out one evening a week for six weeks. Content of the education sessions reflected NICE guidelines and can be seen in Table 1 . The static cycling sessions were designed with an entry level session at week one progressing to a standard static cycling class equivalent at week 6.
At the end of the programme participants again had a one-to-one assessment in which earlier tests were repeated. The assessors also asked participants verbally whether their goals had been attained and what three things they found most useful about the programme. The assessors recorded the answers as free text.
Participants were emailed after they had completed the programme with details on how their assessments had changed over the six week programme.
The interim evaluation of the first five groups to take part in the programme was undertaken as part of the first PDSA cycle and findings were disseminated to the programme's stakeholders so that they could be reflected and acted upon. This was completed due to the novel nature of the programme and the desire to improve its delivery to patients. Resulting improvements were then put into place for following groups. These included adding the HOOS function score as an assessment as it was thought that the Oxford Hip Score might not be sensitive enough for this group of osteoarthritic patients; removing the Harris Hip Score and Non-arthritis hip score questionnaires as it was thought that the function and pain elements were sufficiently covered by other assessments; asking participants to do the Timed Up and Go (TUG) test as more information on function was required and asking them to assess pain at rest and on weight-bearing on a visual analogue scale as previous assessments of pain weren't quantifiable. The assessors were also asked to ensure that all questions were answered to minimise missing data.
The first three groups (n = 36) to take part in the programme were emailed and invited to take part in a Patient and Public Involvement (PPI) forum. Six former participants agreed to take part and, at the forum, they were consulted on their experiences of the programme and how it could be improved. The forum was also asked to advise on how a future proposed RCT based on the programme should be designed and which outcomes should be measured. This process has been published (Andrews et al., 2015) .
Methods of evaluation
SPSS Predictive Analytics Software (SPSS Inc, Chicago, IL, USA) was used to analyse outcomes. Two-sided paired t-tests were used to investigate the changes from pre-programme to post-programme for the Oxford Hip Score, Sit-to-stand test, EQ5D-5L Utility and VAS scores, VAS scores for pain at rest and on weight bearing and means and standard deviations reported. The HOOS function and the TUG test had differences in pre and post-scores that were not normally distributed, so medians and interquartile ranges are reported and the Wilcoxon Signed Rank test was used for analysis of the changes from pre-programme to post-programme. Cases with complete pre and post data for each measure were selected so analyses were based on variable sample sizes if data were missing.
Data from the open ended questions on participants' experiences of the impact of the programme were thematically analysed (Denzin and Lincoln, 2005) using the constant comparative method of comparing themes from new data generated with those already identified from older data and iteratively refining them. TI developed the coding and carried out analysis for the first 39 participants. TW independently analysed this data and discussed and agreed with TI any discrepancies in the analysis. Emerging themes were identified through discussion between TW, TI and RM. Data for the final 80 participants were coded by TI when available. Discussion between the authors enabled themes to be refined and additional data collected from the PPI Forum enabled the veracity and credibility of findings to be checked.
Results
One hundred and nineteen participants were enrolled onto the CHAIN programme and 96 completed, of which 44 were men and 52 were women (Table 2) ; 78% already had a diagnosis of osteoarthritis, 25% of participants had a BMI under 25.0, 33% between 25.0 and 29.9, 25% were 30 and over and 16% were not known. The mean age of participants was 62.23 and the mean baseline Oxford Hip Score was 33.07. Fig. 1 shows the flow of participants through the programme. Of the 23 who did not complete; 2 did not attend the first assessment; 3 withdrew before taking part in the programme as in pain from first assessment; 16 withdrew during the programme (7 had an increase in pain, 2 had chest infections, 2 had unrelated broken bones, 1 moved house, 4 unknown) and 2 did not attend the final assessment.
Statistically significant improvements were found for the Oxford Hip Score (Mean (SD) change 4.14 95% CI (3.02, 5.25), p < 0.001); Sit to stand score (mean change 3.06, 95% CI (2.33, 3.79), p < 0.001); EQ5D-5L Utility (mean change 0.06 (95% CI 0.03,0.09), p < 0.001); EQ5D VAS (mean change 7.05 (95% CI 4.72,9.39) p < 0.001); pain at rest (mean change 1.25 (95% CI 0.38,2.11), p = 0.006); and pain on weight-bearing (WB) (mean change 1.56 (95% CI 0.77,2.36), p < 0.001) (see Table 3 ). Statistically significant changes in HOOS function (median change (IQR) 7.35 (1.84 to 19.12), p < 0.001) and TUG test (median change 1.11 (0.31 to 2.43), p < 0.001) were also found (see Table 4 ). Fig. 2 confirms that at least 60% of participants had positive changes for EQ5D VAS and EQ5D-5L utility scores and pain at rest and weight-bearing. Over 78% of participants had improvements in the Oxford Hip Score, HOOS function, Sit-to-stand and TUG scores.
Responses to the questions asked by assessors after the programme on participants' experiences of the programme could be divided into three main themes: perceived improvement in pain and function; increased confidence in managing hip pain and an increase in motivation to exercise. When asked whether they felt they had achieved their goals for the programme participants reported improved flexibility, less disturbed sleep and a reduction in pain and the need to take analgesics. They said they were finding activities of daily living easier, feeling fitter and stronger and some reported weight loss and delaying/ reducing the need for a hip replacement. One participant reported: "I knew I was fitter and had lost weight, but I was very pleased with the much improved flexibility of hip and pelvis." Participants also reported feeling more motivated to continue exercising and some had bought bikes or joined a gym. Saturation of the data was confirmed as responses were coded to the same categories many times (Glaser and Strauss, 1967) .
Seven participants reported that their symptoms had not improved and some had increased pain following the programme, although all but one said they found the education sessions beneficial. Three further participants were unable to take part fully in the programme due to an unrelated abscess in the groin, plantar fasciitis and neck problems causing dizziness.
In response to the question on what three things they found useful about the programme, participants * These assessments were only carried out for last 46 participants.Oxford Hip Score: scored 0-48 with score of 40 + suggesting satisfactory function.Sit-to-Stand test: time in seconds taken to do 5 Sit-to-stands.EQ5D-5L Utility Score: scored −0.6 to 1.0, 1.0 being the best score.EQ5D VAS: scored 0-100, 100 being the best health imaginable.Pain at rest VAS and Pain on weight bearing VAS: scored 0-10, 0 being no pain. spoke of being introduced to the benefits of cycling and exercise as a lifestyle both socially and physically and their increasing confidence in exercising. They found the group setting very motivating and supportive as they were able to discuss managing hip pain with people with the same issues. The education sessions were found to be very helpful as was the realisation that you do not have to accept the pain and can exercise without pain increasing. Participants were also keen to hear about other suitable exercise opportunities offered locally, such as the free guided bike rides. One participant reported:
"As a result of the course I did join the 37 mile Sky Ride through The New Forest two weeks ago and thoroughly enjoyed it".
Findings from the PPI Forum were very positive and affirmed findings from participant experiences reported at the post-programme assessment. Forum participants reported that the programme built up confidence in exercising and increased knowledge about managing hip pain, as well as general health. They liked the feedback they were given on how the programme had impacted on their assessments. The Forum suggested extending the programme to 8-10 weeks so that the last two weeks could focus more on the cycling and encourage participants to keep up with the cycling once the programme had finished.
Study limitations
This study is a service evaluation and whilst it is entirely appropriate for reporting these initial findings, there is no comparison with a control group. Generalisability in this report has been maximised by the use of the SQUIRE guidelines and the authors are applying for funding to complete a randomised controlled trial (RCT) to compare the programme with standard physiotherapy care. Recruitment bias can then be controlled as it is possible there may have been an element of self-selection in this study. Some participants asked to be referred if they wanted to take part in the programme and so were probably already aware of the benefits of exercise and motivated to take part.
Not all participants completed their diary and there were wide variations in the amount of exercise done each week by participants both cycling and at home, with some just cycling once a week as part of the programme and others cycling for an additional 2-3 times per week. This is consistent with many physiotherapy studies where compliance with home exercise has been varied (Picorelli et al., 2014) . If anything, compliance was less than anticipated and so the positive effects of the programme could, in fact, be greater when evaluated as part of a randomised controlled trial. It should be highlighted that multiple significance tests were carried out in the analyses (eight tests) so care should be taken accordingly with the findings.
Discussion
The findings from this service evaluation suggest that participants may benefit from the programme. Function, pain and quality of life outcomes improved for the majority of participants and feedback from the programme was very positive with all participants saying they would recommend it. Participants were able to tolerate the increase in intensity of the cycling sessions over the six week programme, thus gradually building up exercise tolerance. This shows that increased exercise intensity is feasible in these patients and even for those with complex presentations . The findings suggest that the intensity of the exercise was sufficient to bring about change, although further studies are required to provide evidence on the role of exercise type, timing and dosage.
Participants' ages ranged from 39 to 81 indicating that the programme was suitable for a wide age range. Participants with comorbidities, such as type 2 diabetes and hypertension successfully participated in the programme suggesting these patients can benefit from exercise therapy interventions that stress the cardiovascular system, although it is important they are assessed and supervised appropriately. More research is needed for guidance on the best form of exercise.
Only seven participants reported that they felt no improvement in symptoms following the programme. Two of these were subsequently booked to have hip replacements, although they were supportive of the programme and just felt that they were "too far along" to benefit and one of these participants reported that her unaffected hip had benefitted from the exercise. The remaining five were also supportive of the programme and four of them reported finding the education sessions informative. Future discussions with stakeholders could include discussion on adapting the programme so it can also prepare participants for total hip replacement by getting them fitter for surgery and advise on self-management following their operation.
The programme was refined as it progressed as a result of feedback given at the post-programme assessment. The programme was adapted so that clearer static cycling instructions were given; the educational content was expanded and made less repetitive; more information and more detailed advice was given on stretching and home exercises and participants were encouraged each week to do their home exercises and complete their diary. It was decided to extend the programme to 8 weeks for the planned RCT so that participants had more time for cycling.
The positive findings suggest that the right approach was taken in introducing participants to the benefits of low-impact exercise and the availability of pre and post assessments enabled the service evaluation to have valid measures of change. As discussed it is planned to apply for funding for an RCT comparing the CHAIN programme with standard care in order to get further evidence on the impact of the programme and to evaluate whether the programme is more costeffective than standard care. For this evaluation, costs per session were less than those for a private physiotherapy session, or an orthopaedic outpatient appointment but further work needs to be done on costs of rolling out the programme more extensively.
Conclusions
At present the NICE (2014) recommendations on the treatment of osteoarthritis offer no guidance on the type of exercise needed, its intensity or how it should be delivered. There is no uniform pathway for delivery of the recommended treatment and discussions with local health professionals indicate there is a wide variation in the types of therapeutic interventions adopted.
The early results from the CHAIN programme suggest that the service can improve pain, function and quality of life outcomes for hip osteoarthritis sufferers and it therefore has great potential in the management of hip pain. The improvements are consistent with current evidence and future work should be centred around evaluating the programme against standard physiotherapy care and other forms of physical activity. In parallel, further work is required to understand the "black box" of the working mechanisms of how physical exercise can positively affect pain and function in osteoarthritis.
